This 70-year-old woman presented with back pain and neurogenic intermittent claudication.
I
nstrumented lumbar interbody fusion, whether anterior or posterior, immediately produces a biomechanically stable postoperative spine, which facilitates arthrodesis and improves clinical outcomes. 1, 6 In patients with severe osteoporosis, however, instrumented lumbar interbody fusion may result in fixation failure or nonunion because of a decrease in pedicle screw pullout strength or an increase in the risk of interbody graft subsidence, which sometimes requires additional surgery. 4, 5 Many studies have shown that when bone cement is used to augment pedicle screws, it can significantly increase the rigidity, stiffness, and strength of the screw. 3, 8 Various systems and techniques for using cement to augment osteoporotic bone have been developed, such as expandable screws, partially or fully cannulated screws, 9, 12 and direct 2 or indirect injections. In recent years, percutaneous pedicle screw fixation, which limits muscular damage and intraoperative bleeding, decreases postoperative pain and accelerates postoperative recovery. 7 However, neither a practical and reliable technique nor an optimal design has been established regarding cement augmentation for percutaneous pedicle screw fixation.
Here we report on an easy and cost-effective technique for bone cement augmentation using a bone biopsy needle inserted into the disc space in 2 osteoporotic patients who were treated with posterior interbody fusion and percutaneous pedicle screw fixation.
Examination
Magnetic resonance imaging and dynamic radiography revealed spinal stenosis at L4-5 to S-1 and segmental instability at L4-5. Preoperative bone mineral concentration was 78.36 mg/ml, and the T-score was -4.27.
Operation and Postoperative Course
The patient underwent posterior interbody fusion with percutaneous screw fixation at L4-5 and simple canal decompression at L5-S1. After routinely assembling rods on the screws, bone cement augmentation was performed by inserting a bone biopsy needle into the disc space to prevent cage subsidence and screw loosening. Postoperatively, the symptoms had diminished 4 months later; there was no evidence of cage subsidence or screw loosening on the follow-up plain radiographs.
case 2

History and Presentation
This 68-year-old woman presented with severe back pain and radiating pain in both legs with neurogenic intermittent claudication.
Examination
Magnetic resonance imaging and dynamic radiography revealed spondylolisthesis and spinal stenosis at L4-5 and acute compression fractures at L-1 and L-5. Preoperative bone mineral concentration was 31.92 mg/ml, and the Tscore was -6.12.
Operation and Postoperative Course
The patient underwent posterior interbody fusion with percutaneous screw fixation at L4-5 and percutaneous vertebroplasty at L-1. After routinely assembling rods on the screws, bone cement augmentation was performed by inserting a bone biopsy needle into the disc space to prevent cage subsidence and screw loosening. Postoperatively, the symptoms had diminished, and 4 months later, there was no evidence of cage subsidence or screw loosening on the follow-up plain radiographs (Fig. 1 ).
Surgical technique
The patient was placed prone after general anesthesia was induced. The level of skin incision was confirmed with C-arm fluoroscopy, and a midline skin incision was made, although we limited the size of the skin incision for only lamino-facetectomy and cage insertion to minimize blood loss, muscle damage, and operative time. The size of the midline skin incision was about 4-5 cm. We performed posterior lumbar interbody fusion, but saved the posterior ligamentous complex, which included the supraspinous ligament, interspinous ligament, and spinous process, to minimize both bone destruction and postoperative adjacent segmental instability.
After the discectomy, we prepared the endplate with a curette, and cages were inserted at the interbody space. We inserted percutaneous pedicle screws using fluoroscopic radiography (Siemens) for guidance before skin closure. After routinely assembling rods on the screws, a bone biopsy needle (Angiotech Inc.) was inserted into the disc space via the operative field and placed around the tips of the screws; fluoroscopic radiography was used for guidance. We then injected a mixture containing 70% polymethylmethacrylate (PMMA) powder and 30% sterilized barium powder (Elmdown Inc.) via the bone biopsy needle. As we adjusted the needle's angle of insertion, bilateral cement augmentation was achieved using a unilateral approach. When we performed bone cement augmentation on the caudal body, a bone biopsy needle was inserted into the upper posterior surface of the caudal vertebral body via the operative field and placed around the tips of the screws (Fig. 2) . When the needle is withdrawn slowly, it is possible for bone cement to inject to about one-third the screw length and the midportion of the vertebral body.
discussion
Spine surgeons are more and more concerned about the aging spine, and they have to deal with patients with a sig- nificant loss of bone stock. Performing an arthrodesis in these patients can be difficult because of the osteoporosis and comorbidities that increase complication rates. 10 Various techniques to reduce these operative risks have been described. Among them, a percutaneous pedicle screw fixation can be a valuable option because it leads to a decrease in surgical time, blood loss, and infectious complications. These techniques may help reduce muscle trauma and promote a quicker postoperative recovery. 7 On the other hand, percutaneous pedicle screw fixation by itself is not the answer to severe osteoporosis or a significant loss of bone stock that can lead to screw pullout or pedicle fracture. A combination of percutaneous pedicle screw fixation and cement-augmented screws can therefore be a valuable option in the management of these fragile patients. 7 Several previous biomechanical studies have reported that cement-augmented screws using PMMA have higher pullout strength than conventional screws, 3, 11 while there is no evidence with respect to increasing solid bony arthrodesis.
A recent study reported that percutaneous cement-augmented screw fixation with cannulated screws was effective in fractures of the aging spine. 7 Cannulated percutaneous pedicle screws may be useful for long-level fixation because it is possible to align the screw heads before bone cement is injected. Kim 6 suggested anterior bone cement augmentation in anterior lumbar interbody fusion and percutaneous pedicle screw fixation in patients with osteoporosis. The location of the cement mass is limited to the middle one-third of the vertebral body on both anteroposterior and lateral images to avoid the trajectory of the pedicle screw. However, this is done to prevent cage subsidence rather than to increase the stiffness and strength of the screw.
We think that our bone cement augmentation technique has several merits. First, it is an easy procedure to practice and is similar to percutaneous vertebroplasty. In cases of multilevel posterior interbody fusion, it is much easier to perform than direct injection with a biopsy needle. Second, the bone cement augmentation technique is more economical than a technique using cannulated percutaneous screws. When we perform a 1-level posterior interbody fusion, the cost of the screw set including the cage plus 4 bone biopsy needles is about $1752 at a minimum, whereas the cost of a cannulated percutaneous screw set is about $3306 at a minimum in Korea. Third, if bone cement leaks into the epidural space during the injection, it would be easily noticed and handled via the operative field. Fourth, the technique is helpful not only in preventing cage subsidence but also for increasing the stiffness and strength of the screw if bone cement is placed around the screws properly as in a direct injection.
Some may think that the T-scores of -4.27 and -6.12 in our cases are too low to attempt fusion surgery. Including in these cases, we used quantitative computed tomography (QCT) to measure bone mineral density. In the spine, QCT measures the bone mineral density of only the spongy interior bone and does not assess the dense cortical bone that forms the exterior walls of the vertebrae. Consequently, the results of bone mineral density quantification depend on the method by which the region of interest is evaluated. Dual-energy x-ray absorptiometry (DEXA) is aimed at the patient's bones, including cortical bone, while soft tissue absorption is subtracted out. For this reason, the T-score obtained by QCT was a little lower than that obtained by DEXA. We think that the actual Tscores of these patients are a little higher than the T-scores obtained by QCT. Nevertheless, we accept that achieving solid fusion is not easy considering the low T-scores of the patients.
Limitations of this report are its small sample size and insufficient follow-up period for judging long-term clinical and radiological outcomes. Therefore, more patients and longer follow-up times are necessary before definitive conclusions can be reached. Moreover, this cement augmentation technique is only feasible for patients treated with an open decompression or posterior lumbar interbody fusion.
conclusions
The indirect technique of bone cement augmentation through the disc space for percutaneous screw fixation is potentially an easy, safe, and economical method to use in elderly patients who have osteoporosis.
Key points
1) Percutaneous pedicle screw fixation with cement augmentation can be a valuable option in the management of elderly patients with osteoporosis. 2) Performing percutaneous pedicle screw fixation using the general indirect-injection technique via a biopsy needle is difficult to do and time-consuming.
3) The direct-injection technique may lead to screw failure if the screws are not exactly lined up.
4) The indirect technique of bone cement augmentation
via the disc space for percutaneous screw fixation is an easy, safe, and economical method.
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